60 min to 474.1 f 61.5 fmol of Caz+/mg cartilage, whereas boiling the cartilage for 15 min before incubation failed to alter the amount of CaZ+ taken up. Sodium orthovanadate (0.05 mM), a potent inhibitor of CaZ+-stimulated ATPase (ONeal et al., 1979) , failed to alter the uptake of Ca2+ into cartilage. Similarly, the uptake of Ca2+ into cartilage was not modified by prior incubation with diflunisal (10 p~; a gift from Merck, Sharpe & Dohme), verapamil ( 10 p~; Sigma) or Bay K8644 (1 0 p~; a gift from Bayer, A.G.).
These data confirm that cartilage derived from guinea-pig airways smooth muscle is able to accumulate Ca2+ in a timedependent manner; the uptake reaching a plateau value after 90-1 20 min. Reduction of the incubation temperature caused a marked decrease in Ca2+ uptake; however, the insensitivity of the uptake system to boiling suggests that enzyme-mediated systems are not involved in CaZ+ uptake at this site. The inability of known modifiers of Ca2 + transport (vanadate, verapamil, Bay K8644 and diflunisal) to modify CaZ+ uptake at this site suggests that the uptake process is not mediated via classical CaZ+-transport mechanisms. It is well documented (Stockwell, 1979) , that the fixed and mobile negative charges of the chondrocyte are involved in the binding of cations, and the possibility exists that these chemical entities are responsible for the accumulation of Caz+ in cartilage. However, these data clearly show that cartilage is able to provide a large pool of Ca2+ situated close to airways smooth muscle which is not readily controlled by drugs known to modify CaZ+ homoeostasis at other cellular sites. (Considine et al., 1987) . The latter does not contain pectin lyase (EC 4.2.2.10), but both pectinesterase (EC 3.1.1.1 1) and polygalacturonase are present. The latter would be classified as EC 3.2.1.15 or EC 3.2.1.67 depending on whether it is endo-or exo-acting, respectively (see below). In this paper we report on its isolation and characterization. Solid-state cultivation of P. capsulatum was carried out statically at 27°C in mineral salts/corn steep liquor [0.5% (w/v)]/beet pulp [30% (w/v)] medium as described previously (Moloney et al., 1983; Considine et al., 1985) . After a suitable period of growth, cultures were extracted in 0.1 Msodium acetate buffer, pH 5, (10 vol./g of pulp), with shaking for 2 h at room temperature. Ammonium sulphate was added to 90% saturation, and after stirring for 1 h at 4"C, the mixture was centrifuged at 10000 gfor 30 min. The precipitate was dissolved in a small volume of distilled water, clarified by centrifugation, and freeze-dried without desalting. From experience we know that such freeze-dried powders, hereinafter called the crude extracts, contain carbohydrates, degradation products of pulp polysaccharides, in addition to protein. Polygalacturonase activity (expressed as i.u./ml) was measured by determining the release of reducing sugars by the dinitrosalicylate method of Miller (1959) after a 10 min incubation at 50°C of an aliquot of enzyme with 0.5% (w/v) polygalacturonk acid in 0.1 M-sodium acetate buffer, pH 5. When required for use, the freeze-dried extract was dissolved in the above buffer (2 g of powder/30 ml of buffer). Polygalacturonase was purified to homogeneity, as judged by electrophoresis (denaturing and non-denaturing) and isoelectrofocusing, using ammonium sulphate fractionation, followed by gel filtration on BioRad P-200, then by ion-exchange chromatography on DEAE-cellulose (Cellulose DE-52, Whatman) and finally by f.p.1.c. gel filtration on Superose 12.
The purified enzyme, which has a PI of 3.79 and an M, value of 56 500, is inactive against laminarin, xylan, cellulose, carboxymethyl cellulose, chitin, alginic acid, sodium alginate or dextran. Kinetic studies showed the K , for polygalacturonate to be 4 mg/ml, with excess substrate inhibition occurring at concentrations above 5 mg/ml. The Vmm, value, determined by Eadie-Hofstee plots, is 0.64 prnol/min, the Hill coefficient is 1.02 and the E, value, calculated from Arrhenius plots is 44.5 kJ/mol. The specific enzyme activity was calculated to be 42.6 glycosidic linkages broken/mg protein per second. Under short-term incubation conditions activity is optimal at 62°C and pH 4.68. Activity against pectin (methoxyl content 9.3%) was only 14% of that against polygalacturonic acid, indicating that esterification of the galacturonic acid residues at C-6 was inhibitory, and that the enzyme is a polygalacturonase rather than a pectinase. Moreover, on incubation with polygalacturonic acid, the rate of increase in fluidity (decrease in viscosity) was much greater than that of release of reducing sugars. This showed that the enzyme is of the endo-acting type. This was confirmed by examination of the gel-filtration patterns of the products released during the reaction. Thus, the purified enzyme is an endopolygalacturonase, i.e. a poly ( 1,4-a-~-galacturonide) glycanohydrolase. The half-life of polygalacturonase in crude extracts at pH 5 is 3 h at 60°C and 15 rnin at 70°C. By contrast, the corresponding values for the purified enzyme are 3.8 min and 1 min, respectively. Experimental results suggest that the carbohydrate present is responsible for the greater thermal stability of the enzyme in crude extracts.
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The proteinase and peptidase complement of starter bacteria used in cheese production are important, not only to furnish free amino acids to allow cell growth, but also to allow flavour and texture development during cheese ripening. While there is good agreement about the cellular location of many proteinase and peptidase activities there exists some uncertainty about the precise subcellular location of some activities (Thomas & Pritchard, 1987) . In this study we attempt to establish reliable procedures for securing subcellular fractions from three strains of Streptococcus cremoris which are minimally contaminated by other fractions.
Each strain of S. cremoris was grown in pasteurized (96-98°C for 30 min) low-heat-treated 10% (w/v) reconstituted skim milk which had been precentrifuged at 5000 gfor 20 min and buffered with 3 M-B-glycerophosphate, pH 7.1. The cultures were incubated at 30°C until cells were harvested in late log phase (pH 5.2). The cells were harvested by centrifugation (at 5000 g for 20 min.). The cell pellet was washed twice with 80 ml of 50 mM-Trk/HCI, pH 7.5, and resuspended in a solution containing lysozyme (1 mg/ml), ammonium acetate (40 mM), magnesium acetate (10 mM) and sucrose (0.5 M), and incubated for 120 min at 37°C with gentle stirring. The incubate was divided into three equal parts. To one part was added a small volume of 5 M-NaCI in 5 mM-Tris to bring the overall NaCl concentration to 0.3 M (scheme A). The remaining two parts (schemes B and C) were treated to an equivalent volume of 5 mM-Tris, pH 7.5.
Incubation was permitted to proceed for a further 15 min. Each part was centrifuged at 10000 g for 10 rnin and the supernatants recovered were dialysed against 50 mM-Tris/ HCI, 7.5, stored at -20°C until further assay, and designated the cell wall fractions. Two of the pelleted protoplasts preparations (schemes A and B) were resuspended in 15 ml of 5 mM-Tris/HCI, pH 7.5, containing MgCI, (10 mM), DNAse (3 mg) and RNAse (3 mg). The remaining preparation (scheme C ) was resuspended in 15 ml of 5 mM-Tris/HCI, pH 7.5, containing MgCI, (10 mM), DNAse (3 mg), RNAse (3 mg) and NaCl (0.3 M). After incubation for 6 0 min, with gentle stirring at 37"C, each incubate was centrifuged at 35 000 g for 30 min. The pellets were resuspended in distilled water dialysed against 50 mM-Tris/HCI, pH 7.5, stored at -2O"C, and denoted the cell membrane fractions. The supernatant fraction was dialysed against 50 mM-Tris/HCI, pH 7.5, stored at -20"C, and designated the cytoplasmic fraction.
Lactate dehydrogenase was measured before dialysis of fractions by the method of Wittenberger & Angelo (1970) .
Magnesium-dependent ATPase was determined by the method of Abrams (1965) , to indicate cell membrane material. Glucosamine was used to indicate cell wall material and was assayed according to Rondle & Morgan (1955) , as modified by Aidoo et al. (198 1) .
The results presented in Table 1 indicate that lysozyme treatment was effective in releasing cell wall material, as the majority of glucosamine was present in the cell wall fractions produced under each scheme. In each case, the bulk of magnesium-dependent ATPase was found in the cell membrane fraction. Lactate dehydrogenase activity, however, was quite variable in its distribution, depending on which scheme was employed. Where NaCl was added to the lysozyme incubation (scheme A), the cell wall preparation was highly contaminated with lactate dehydrogenase activity which was present in greater amounts than in the cytoplasm fraction, indicating significant lysis of the spheroplasts at this stage. The absence of NaCl at the protoplasting stage, coupled with an absence of NaCl when protoplasts were resuspended in 5 mM-Tris/HCI containing MgCI,, DNAse and RNAse, showed that while the majority of lactate dehydrogenase was present in cytoplasm, the cell membrane fraction was seriously contaminated with this enzyme indicating perhaps the presence of protoplasts which had not been disrupted at the time of centrifugation to yield the cytoplasm and cell membrane fractions. Only by inclusion of NaCl in the resuspension medium for protoplasts could the lactate dehydrogenase activity be restricted largely to the cytoplasmic fraction with only small levels of contamination in the cell wall and cell membrane fractions. The results presented in Table 1 for S. cremoris strain AM2 are very similar to those obtained for strains HP and G11 (results not presented) and ~ 
